INTRODUCTION
The Robert C. Byrd Green Bank Telescope (GBT) is being used to conduct the HI-MaNGA survey (Masters et al. 2019 ), a program to measure 21cm emission from galaxies in the Mapping Nearby Galaxies with Apache Point Observatory (MaNGA) survey (Bundy 2015) which began in 2016. Accurate flux calibration is important to this and all astronomical observing. The default GBT calibration at L-band (1.4GHz/20cm) comes from the use of a noise-diode of measured antenna temperature (T A ). After an observation, the noise diode is turned on, allowing an immediate calculation of the telescope's gain in units of T A /counts. One can convert flux densities from T A to Jy, S, using
where A is the telescope collecting area, η is the telescope aperture efficiency, and k is the Boltzman constant. A complete calibration requires knowing both the antenna temperature of the noise diode, T cal , and η. T cal has been measured in a laboratory to an accuracy of ∼15 − 20% 1 . However, the effective strength of noise diodes can vary over time, and the tabulated values of T cal have not been updated since 2005. Using standard astronomical calibrator sources, we have monitored the flux calibration of the GBT in L-band from 2016-2019 using both continuum scans and position-switched (PS) spectroscopic observations. Both types of observations show that the GBT calibration at L-band is remarkably stable over a period of four years, but the GBTIDL routines underestimate fluxes by ∼ 20%.
METHODS AND RESULTS
As part of our observing program for HI-MaNGA (Masters et al. 2019) , the GBT pointing solution was checked regularly from 2016-2019 using observations known as "Autopeaks", where the telescope scans across a bright point source. Our Autopeak scans were conducted at 1.4 GHz using the Digital Continuum Receiver (DCR). The following calibration sources were used over our observing program: 3C48, 3C123, 3C147, 3C161, 3C218, 3C227, 3C249 1, 3C286, 3C295, 3C309 1, 3C348, and 3C353. The maximum amplitude of an Autopeak scan is the flux density of the source in uncalibrated counts. We then used the T cal to calibration to estimate the physical flux density of the target, to compare to published values (Ott et al. 1994) .
In 2019, we additionally conducted PS spectroscopic observations of calibrator sources using the Versatile GBT Astronomical Spectrometer (VEGAS). These observations match the observing setup and "ON-OFF" pattern of HI-MaNGA science observations (with the exception that scans are one minute instead of five minutes) and thus allow a consistency check that any observed calibration offset does not depend on observing mode. As with the Autopeak observations, we calculated the flux density of observed sources using the standard T cal values to compare to published values (Ott et al. 1994) .
For both the Autopeak and PS observations, we define a ratio r such that:
In Figure 1 we plot the measured value of r for each session, as well as the mean and standard deviation (ignoring strong outliers) for the entire time range and each year individually. Across a baseline of four years (and for both polarizations), the overall discrepancy between the true and measured fluxes from Autopeak data is r = 1.20 ± 0.05 and from PS observations is r = 1.18 ± 0.07. Our findings show that the GBT noise diode T cal values have been stable over a period of four years, is offset by 20% from the value implied by observations of standard astronomical flux calibrators. This 20% offset is within the stated error on the calibration routines, but is a systematic error which can be corrected for. Although the GBT's aperture efficiency could also contribute to the offset in flux calibration, it is not expected to change measurably over time (D. Frayer, private communication), so we expect the offset is due to the T cal value which is used. This analysis highlights the need to regularly check the default GBT calibration using observations of standard astronomical calibrators.
